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ABSTRACT 



An electronic equipment for communications with other 
nodes via a serial bus interface. The electronic equipment 
has a plurality of functions, and stores a plurality piece of 
information representative of the plurality of functions. The 
communication system selectively reads the stored informa- 
tion and realizes the function corresponding to the read 
information. Accordingly, communications suitable for each 
function can be executed via the serial bus interface. An 
interface control device used with an electronic equipment 
having a plurality of functions stores a plurality piece of 
information representative of the plurality of functions. The 
communication system selectively reads the stored informa- 
tion and realizes the function corresponding to the read 
information. Accordingly, the electronic equipment can per- 
form communications suitable for each function. 

35 Claims, 10 Drawing Sheets 
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COMMUNICATION SYSTEM FOR 
PROVIDING DIGITAL DATA TRANSFER, 
ELECTRONIC EQUIPMENT FOR 
TRANSFERRING DATA USING THE 
COMMUNICATION SYSTEM, AND AN 
INTERFACE CONTROL DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an interface control 
device, an electronic equipment, and a communication 
system, and more particularly to a communication system 
for digital data transfer using a serial bus interface, an 
electronic equipment for digital data transfer using such a 
system, and a control device for controlling such a system. 

2. Related Background Art 

With the development of recent multimedia techniques, 
various types of data in various formats can be transferred 
via one digital I/F (interface) system under various commu- 
nication protocols. 

There is an equipment capable of using only one com- 
munication protocol although it has a plurality of functional 
units, in which each unit can be externally controlled and 
can transfer data to and from external devices. One of digital 
I/F bus systems of this kind is an IEEE 1394 serial bus. 

In order to deal with nodes having various functions, the 
IEEE 1394 serial bus is generally provided with, in addition 
to a protocol common to IEEE 1394, other different com- 
munication protocols. In this specification, a common pro- 
tocol independent from functional units of each equipment, 
although it is specific to each serial bus such as IEEE 1394 
serial bus, is called a fundamental protocol, whereas a 
protocol dependent upon each functional unit is called a 
subsidiary communication protocol. 

Specifically, even for digital data communications in 
conformity with the fundamental protocol of a digital I/F bus 
system, it is generally necessary that a subsidiary commu- 
nication protocol defined for each node terminal (I/F 
terminal) matches the protocol of the communication 
partner, and the communication partner is required to have 
means for converting the format of received data into a 
format usable at the communication partner. 

The subsidiary communication protocol is generally stan- 
dardized in accordance with the genre (category) of each 
equipment or its unit Therefore, each node has been gen- 
erally configured as an equipment compatible with a single 
subsidiary communication protocol. 

Definition (definition of node information) of an equip- 
ment as viewed from a digital I/F bus has been difficult to 
generate if a plurality of functions provided by the equip- 
ment cannot be operated at the same time, or if the unit 
configuration or the subsidiary communication protocol 
changes because of connecting a new unit or attachment. 

Even if an equipment is an image input equipment having 
only a single function, the input image may be used in a 
different manner at the communication partner. In such a 
case, it is desired that subsidiary communication protocols 
different for each use type such as displaying, recording and 
printing are separately prepared. It is also necessary to 
consider that a different subsidiary communication protocol 
may be used by each manufacture of the equipment, even if 
both the function and use type are the same. 

SUMMARY OF THE INVENTION 

The invention has been made under the above 
circumstances, and aims at configuring a communication 
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system while considering a node having various functions 
and various use types of a digital interface. 

It is another object of the present invention to provide an 
electronic equipment and interface control device capable of 

5 communications with various nodes via various interfaces. 
In order to achieve the above objects of the invention, an 
electronic equipment of one embodiment has a plurality of 
functions and stores a plurality piece of information repre- 
sentative of a plurality of functions. The communication 

10 system selectively reads the stored information and realizes 
the function corresponding to the read information. 
Accordingly, communications suitable for each function can 
be executed via the digital serial bus interface. 

5 According to another embodiment of the invention, an 
interface control device used with an electronic equipment 
having a plurality of functions stores a plurality piece of 
information representative of the plurality of functions. The 
communication system selectively reads the stored informa- 

20 tion and realizes the function corresponding to the read 
information. Accordingly, the electronic equipment can per- 
form communications suitable for each function. 

An electronic equipment or interface control device 
according to another embodiment of the invention, selec- 

25 tively reads information from another equipment which 
stores information on a plurality of functions or information 
on a plurality of subsidiary communication protocols. 
Therefore, the communication system can perform commu- 
nications most suitable for each function. 

30 A communication system of the invention stores a plu- 
rality of information representative of a plurality of func- 
tions provided by each electronic equipment, and selectively 
reads the information so that the function corresponding to 
the read information can be realized at the electronic equip- 

35 ment and optimum communications can be performed. 
The other objects and features of the invention will 
become apparent from the following detailed description of 
embodiments when read in conjunction with the accompa- 
nying drawings. 

40 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram showing an example of a communi- 
cation system configured by using a serial bus of IEEE 1394. 
45 FIG. 2 is a diagram showing the layer structure of a serial 
bus of IEEE 1394. 

FIG. 3 is a diagram illustrating an address space allocation 
of a serial bus of IEEE 1394. 

FIG. 4 is a diagram showing the contents of a configu- 
50 ration ROM, addresses being allocated in the manner illus- 
trated in FIG. 3. 

FIG. 5 is a diagram showing the configuration of a 
communication system according to an embodiment of the 
invention. 

55 FIG. 6 is a diagram illustrating communication cycles of 

the system shown in FIG. 5. 
FIG. 7 is a diagram showing the detailed structures of a 

camera/recorder in the system shown in FIG. 5. 
60 FIG. 8 is a diagram illustrating node information stored in 

a configuration ROM provided in the equipment shown in 

FIG. 7. 

FIG. 9 is a diagram showing a data arrangement in a 
packet to be transmitted under each subsidiary communica- 
65 tion protocol of the equipment shown in FIG. 7. 

FIGS. 10A and 10B are diagrams showing the details of 
the data arrangement shown in FIG. 9. 



08/05/2004, EAST version: 1-4.1 



5,991,842 

3 4 

FIG. 11 is a flow chart illustrating the operation of This hardware portion is substantially an interface chip, 

selecting a function and a subsidiary communication proto- The physical layer of the hardware portion is used for 

col to be executed by the system shown in FIG. 5. coding, connector control and the like, and the link layer is 

DETAILED DESCRIPTION OF THE used P ac ^ et transfer, cycle time control and the like. 

PREFERRED EMBODIMENTS 5 A transaction layer as firmware is used for the manage- 

The invention will be described by using only its pre- mcnt of data (transaction), and issues commands 

ferred embodiments and with reference to the accompanying such « data read and A senal bus management 

drawings. manages the connection state and ID of each connected 

First, a system on which the embodiments are based will equipment for the node control and network configuration 

be described, this system being a communication system 10 management. 

between a plurality of electronic equipments interconnected The functions of a bus manager and an isosynchronous 

by serial busses of IEEE1394-1995 (hereinafter simply resource manager are included in this serial bus manage- 

called 1394 serial busses). ment. These hardware and firmware are the fundamental 

Communication systems using 1394 serial busses have constituents of the 1394 serial bus. Namely, the fundamental 

been proposed as communication systems for multiplex 15 protocol of the 1394 serial bus described previously is 

transfer of digital data and control data via digital busses to configured by the firmware up to this transaction layer, 

and from various types of digital equipmer^such as digital Qn me omer hand ^ UcatioQ u in a sofjtwm 

video tape recorders (hereinafter call ed IVTCS) and digital fa made of by me aDO ve-described 

television receivers , (heremaftei ' caUed TVs) subsidiary communication protocols, and changes with each 

The 1394 serial bus will be briefly described. ™ ^ftwiK. Namely, this application layer defines what type of 

FIG. 1 shows an example of a network system configured data ^ transmitted over the 1394 serial bus. 

by using 1394 serial busses. TO. .system has equipments nG ^ d6lGSs]n q{ to 1394 

B, C, D, E, F, G and H and ^twist pair cables of 1394 serial ^ ^ ^ be M &Q of 

busses mterconnectmg j A, and A and C, B and B D and E, a ^ ^ ^ witQ mEE m2 regulations * 

C and F C and G ano^and H^ese equipments A to H » for ^ ^ ^ ^ ^ ^ ^ ^ rf ^ ^ 

may be PCs, digital VTRs DVDs^ digital cameras, hard address ^ ^ a bus ID wWch fa ^ for ^ discrimi . 

disks, printers, monitors, and the like. nation betweeQ busses ^ n ^ fi ^ are a node , D 

Interconnection between these equipments can use both a wfaich fa ^ fof lhe discrimination betweea equipments, 

daisy cham scheme and a node branch scheme at the same ^ remaining ^ bits are ^ ^ an address spa ce which 

time, and provides a high degree of connection freedom. can be used by each equipment. 

EachequipmenthasauniquelDsom ^ ^ ad(Jress ace ^ divided Mq a 2Q _ bit 

interconnected by 1394 serial busses in one network can be fidd ^ a ^ ^ ^ afca b -j^pp. of 

identified. Hie distal equipments are sequentially con- me ^ 2Q ^ fa a which fa ^ for 

nected by a smgle 1394 sena bus cable, and each equipment 35 mformation exch bt ^ tcn eq £ ipmeats . 

provides a repeater function to form one network. A Plug & „„ . 

Play function, which is characteristic of the 1394 serial bus, r The fitst 512 ***** the *P aoe a kernel 

allows automatic recognition of an equipment and its con- of a ^ovm CSR archttecture, and the next 512 bytes are 

nection state when it is connected by a cable to the network. as a ™* bus re Sf! r - ™ e ^ff c c ? n,ents ° f ^ 

Also in the system shown in FIG. 1, when an equipment „ area f, are ^ eU laam * e ^iff^T™ J*""* * 

is disconnected from the network or a new equipment is 40 om.tted. TT.ese areas and the next 1024-byte configuration 

added thereto, automatic bus resetting is performed to reset ^ and a P 0 " 100 of a umt s P ace are ^P^nted on each 

the network configuration and reconfigure a new network. equipmen . 

With this function, it is possible to always set and recognize configuration ROM is structured, for example, as 

the network configuration at any given time. - shown in FIG. 4 in order to describe the functions of each 

Hie data transfer rates of 100/200/400 Mbps are n ^ e ^ 0 ^1^??^^ 

available, and an equipment having a higher transfer rate ^dress from "™^^, and the configuration ROM 

supports a lower transfer rate for data transfer compatibility. * located from FFFFF00OW . 

The data transfer mode includes an asynchronous transfer A bus information block (indicated in FIG. 4 by Bus_ 

mode and an isochronous transfer mode. In the asynchro- 50 info-block) stores data such as an ID of an equipment 

nous transfer mode, asynchronous data (hereinafter » u Pply company. A root directory (indicated in FIG. 4 by 

described as Async data) such as control signals is Root_directory) stores information specific to each node 

transferred, whereas in the isochronous transfer mode, iso- and a stora e e location of the next unit directory (indicated in 

chronous data (hereinafter described as Iso data) such as real FIG. 4 b Y Unit Directory). The unit directory hierarchically 

time video data and audio data is transferred. These Async 55 stores data representative of the functions of each 

data and Iso data are transferred in a mixed state in each equipment, data representative of usable subsidiary commu- 

cycle (generally one cycle is 125 /*) after a cycle start nication protocols, and other data. 

packet (CSP) indicating a cycle start is transmitted, while An example of a communication system according to the 

giving the Iso data a priority over the Async data. present invention will be described. 

FIG. 2 is a schematic diagram showing the functional 60 171(3 • 5 shows an example of a communication system 

structure of the 1394 serial bus. according to the present invention. 

As shown in FIG. 2, the 1394 serial bus is configured as The system shown in FIG. 5 is provided with digital 

a layer (hierarchical) structure. The constituent at the lowest equipments including: a PC (personal computers), a TV, a 

physical level is a 1394 serial bus cable whose connector is VTR, and a camera/recorder (hereinafter called a GAM) 

connected to a connector port. At the level higher than this 65 having a function of picking up a moving image and a still 

connector port, a physical layer and a link layer are provided image. 1394 serial buses connect CAM and TV, TV and PC, 

as hardware. and PC and VTR. Each of these digital equipments has a 
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function of repeating digital data and control' data on the 
1394 serial bus. 

A cable of a 1394 serial bus is constituted of three sets of 
shielded paired wires. Paired wires of each set-are used for 
transfer of protocol signals and data and for supply of 
electric power. Even if the system has an equipment whose 
power source is turned off, the operation of the whole system 
is ensured. 

The fundamental structure of each digital equipment, for 
example, VTR is constituted of: a deck unit; a tuner unit; an 
operation unit used as user interface; a display unit; a 
microcomputer for the control of the whole operation, for 
the generation of communication packets, for the storage of 
addresses, and the like; a digital interface (digital I/F) unit of 
1394 serial buses; and a switch unit for switching between 
the deck unit, tuner unit, and digital I/F unit. The funda- 
mental structure of TV is constituted of a monitor unit and 
an amplifier unit in place of the display unit; and deck unit 
of VTR. The fundamental structure of CAM is constituted of 
a camera unit in place of the tuner unit. The fundamental 
structure of PC is constituted of a CPU, an operation unit, 
and an image processing unit, and similar to other digital 
equipments, of a switch unit and a digital I/F unit. 

Communications are performed by using 1394 serial 
buses at a predetermined communication cycle (125 f4s) as 
illustrated in FIG. 6. Time sequential data such as video data 
and audio data is transmitted through isochronous commu- 
nication which ensures a transmission bandwidth at a pre- 
determined data rate, and control data such as control 
commands is transmitted through asynchronous communi- 
cation when it becomes necessary. 

In such communications, at the start of each 
communication, a cycle start packet is transmitted, and 
thereafter packets are transmitted for a predetermined period 
for isochronous communication. 

Packets for isochronous communication are assigned spe- 
cific channel numbers so that isochronous communication 
for a plurality of channels can be performed at the same 
time. For example, assuming that communication from 
CAM to VTR is assigned a channel number "1", CAM 
transmits isochronous communication packets of the chan- 
nel number "1" immediately after the cycle start packet is 
transmitted. VTR monitors packets on the bus and picks up 
packets having the channel number "1" so that isochronous 
communication between CAM and VTR can be realized. 

Similarly, assuming that communication from TV to PC is 
assigned a channel number "2", each packet of the channel 
number "2" is transmitted over the bus after each packet of 
the channel number "1" so that isochronous communication 
for the channels "1" and "2" can be executed in parallel. 

After all isochronous communication packets are trans- 
mitted in each communication cycle, the following period 
until the next cycle start packet is received, is used for 
asynchronous communication. 

Next, bus management allowing the bus system operation 
will be described. 

An equipment operating as a bus manager first retrieves 
the information on the network configuration and the con- 
nection state of all nodes, and gives the definition of each 
node ID and controls isochronous communication. 

In the communication system described above, when a 
power is turned on, a new digital equipment is connected, or 
any equipment is disconnected, topology is automatically set 
by assigning each equipment (node) a node ID (physical 
address such as #0, #1, #2 and #3 shown in FIG. 5) in 
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accordance with the new interconnection state, as in the 
following procedure which uses an addressing program and 
an address table stored in the memory of the microcomputer. 

The node ID assigning procedure will be briefly 
5 described. This procedure is composed of determination of 
a system hierarchical structure and assignment of a physical 
address of each node. 

In this example, for the digital equipments described 
above, it is assumed that TV is a node A, CAM is a node B, 
10 PC is a node C, and VTR is a node D. 

Each node notifies a partner node connected by the 1394 
serial bus that the partner is a parent. In this case, the first 
notice has a priority. The parent/child relationship of this 
system is finally determined, namely, the hierarchical struc- 
ture of the system and a root node which is not a child of any 
node are determined. 

Specifically, in the example shown in FIG. 5, the node D 
notifies the node C that the node C is a parent, and the node 
20 B notifies the node A that the node B is a parent. If the node 
A notifies the node C that the node C is a parent and the node 
C notifies the node A that the node A is a parent, the first 
notice has a priority and if the notice by the node C is faster, 
the node A is a parent of the node C. In this case, the node 
2^ A is not a child of any other node and becomes a root node. 

After the parent/child relationship of the digital equip- 
ments is determined in the above manner, physical addresses 
are assigned. The basics of physical address assignment are 
that a parent node gives a child node an address assignment 
30 permission and that each child node starting from the node 
connected to a younger port number is given an address 
assignment permission. 

In the parent/child relationship determined as in the case 
of FIG. 5, the node A first gives the node B an address 
35 assignment permission. Therefore, the node B gives itself a 
physical address #0. This is notified to the bus to broadcast 
the effect "physical address #0 already assigned" to all other 
nodes. 

Next, the node A gives the node C an address assignment 
40 permission, and then the node D which is a child of the node 
C is given an address assignment permission. Therefore, the 
node D gives itself a physical address #1 next to the physical 
address #0, and notifies this effect to the bus. 
Thereafter, the node C assigns itself a physical address #2 
45 and notifies this effect to the bus. Lastly, the node A assigns 
itself a physical address #3 and notifies this effect to the bus. 
Next, the data transfer procedure will be described. 
Data transfer becomes possible after the physical 
5Q addresses are assigned. In the case of 1394 serial buses, 
however, prior to the data transfer, the root node arbitrates 
bus use privileges. 

If a node wishes to start data transfer, it requests a bus use 
privilege to the parent node. The root node arbitrates 
55 requests for bus use privileges from respective nodes. Prior 
>to data transfer, a node gained the bus use privilege desig- 
nates a transfer rate and notifies one of 100, 200 and 400 
Mbps to a transmission destination node. 
Thereafter, in the case of isochronous communication, the 
60 transmission originating node starts data transfer at the 
designated channel immediately after it receives the cycle 
start packet transmitted synchronously with the communi- 
cation cycle from the root node operating as a cycle master. 
The cycle master adjusts the time at each node as well as the 
65 transmission of the cycle start packet to the bus. 

In the case of asynchronous communication for the trans- 
fer of control data such as commands, after the end of 
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isochronous communication in each communication cycle, image signal being obtained by a digital still image camera/ 

arbitration for asynchronous communication is performed recorder (second unit) realized by a combination of the 

and then data transfer starts from the transmission original- image pickup unit 1 and camera processing unit 3. Proper 

ing node to the transmission destination node, node information in this operation state of the equipment is 

FIG. 7 is a system block diagram showing the detailed 5 stored in advance in the second configuration ROM 9 during 

structure of the camera/recorder (CAM) shown in FIG. 5 as the manufacture. 

one example of the digital equipment of this invention. Reference numeral 10 represents a command/status reg* 

In FIG. 7, reference numeral 1 represents an image pickup ister (C & S register) used by both the first and second units 

unit constituted of a lens, a CCD, fundamental image pickup and storing unit control information. Reference numeral U 

circuits, and the like. The image pickup unit 1 picks up a 10 represents a control unit for controlling the operations of the 

subject image and executes camera signal processing such as first and second units in accordance with commands loaded 

adjustments of luminance and color of a picked-up image. in the C & S register 10 and also for controlling subsidiary 

Image data processed by the image pickup unit 1 is output communication protocols. 

in the format suitable for a video processing unit 2 and a The 1394 serial bus I/F circuit 5 and controller 6 consti- 

digital camera processing unit 3. 15 tute the interface control device of this embodiment. 

The video processing unit 2 digitizes image data supplied Reference numeral 12 represents a video/camera switch 

from the image pickup unit 1 and executes a coding process which selects the operation of the electronic equipment of 

for the compression of image data in accordance with a ^ embodiment as viewed from the 1394 bus 13, either as 

predetermined algorithm such as a DVC format compression m e digital moving image camera/recorder (first unit) or 

scheme and a MPEG scheme. The video processing unit 2 0 digital still image camera/recorder (second unit), 

also performs the conversion of image data format suitable Reference numeral 14 represents a control signal and its 

for transmission. command/status signal for the 1394 I/F circuit 5, reference 

The digital camera processing unit 3 digitizes image data numeral 15 represents a control signal for the switch circuit 

supplied from the image pickup unit 1, performs image 25 4> re f er ence numeral 16 represents a control signal for the 

processing such as adjustments of an image size and video processing unit 2, reference numeral 17 represents a 

sampling, and executes a coding process for the compres- control signal for the camera processing unit 3, reference 

sion of image data in accordance with a JPEG scheme or the numeral 18 represents a control signal for the image pickup 

like. The digital camera processing unit 3 also performs the unil ^ and re f er ence numeral 21 represents a control signal 

conversion of image data format suitable for transmission. 3Q f or me recording/reproducing unit 20. 

Reference numeral 4 represents a switch circuit for select- fig. 8 is a diagram showing node information of CAM as 

ing either a moving image signal sigl from the video ykwed from the 1394 bus 13 me node ^0^^ being 

processing unit 2 or a still image signal sig2 from the camera mapped m ±c configurat ion ROM and the unit controlling 

processing unit 3 and supplies it via another switch circuit 22 comma nd/status register. As shown, in this embodiment, the 

to a 1394 serial bus I/F circuit 5. This 1394 serial bus I/F 35 configuration ROM is constituted of the first and second 

circuit 5 includes a reset circuit 19 for a 1394 serial bus 13. configuration ROMs 8 and 9 (CR1, CR2). 

Image data supplied from me video processing unit 2 or s mcall m this embodiment, in accordance with the 

digital camera processing unit 3 can be recorded or repro- ^ of ^ J ckamvk equipmen t (whether it is used as the 

duced by a record^reproducmg unit 20 without being image cLera^ecorder or the digital still 

U-ansmi ed via the 1394 bus. The reproduced data may be « { * camer ^ reco 4 r)) one of tne first md ^ nd ^ 

transmitted via the 1394 bus. The ^rung/reproducing ^ RQMs g J, , ^ be &om ^ bm 

umt 20 includes recordmg media and other necessary equip- ^ e of which Qne of me ^ tion R0Ms 8 and 

ments for recordmg/reproducmg operations. 9 is used, the C & S register 10 is used as the common area 

Reference numeral 6 represents a system control circuit ram 

(controller) which is constituted of a microcomputer, a 45 _ _ _ , . * * r j * . • j u 

memory and the like. The controller 6 has an I/F control and ™: 9 shows ******* of data to be transmitted by a 

address conversion circuit 7 which transfers, between the ? ubsld,af y communication protocol of the dtptal movmg 

controller 6 and 1394 I/F circuit 5, node information and camera/recorder (first unit) or digital still image 

command/status information contained in the data transmit- camera/recorder (second uniO, the data being arranged m a 

ted from the 1394 I/F circuit to the 1394 bus 13. 5 o ^ ?** tia f% tt * b * 13 j" ^amental commu- 

„ _ 10 £ A n nmLM nication protocol. Each packet is added with a packet header 

Reference numeral 8 represents a first configuration ROM £ fc ^ ^^ion protocol 

£52 ^ hlC «° 0DStl ' UteS * ™S . ™ fi 8™ n of a 1394 serial bus, and data corresponding to each sub- 

ROM. This first configuration ROM stores node information t ,. ° , , 

r : , ,° , . 77 , . . . " sidiary communication protocol is added to a payload area, 

for a first protocol which is used for the transmission via the ' m r A ./.,..< 

1394 bus 13 of the moving image signal sigl and its 55 With reference to FIGS. 7 to 9, an operation of the digital 

associated command/status information, the moving image equipment as one example of this embodiment which 

signal being obtained by a digital moving image camera/ <JW fr° m * e mov | n g ^ camera/recorder to 

recorder (first unit) realized by a combination of the image * e suU ma g e camera/recorder will be described, 

pickup unit 1 and video processing unit 2. Proper node It is assumed that the electronic equipment of this 

information in this operation state of the equipment is stored 60 embodiment having the structure shown in FIG. 7 operates 

in advance in the first configuration ROM 8 during the as the digital moving image camera/recorder and commu- 

manufacture, nicates with another node by supplying node information 

Reference numeral 9 represents a second configuration 0^0 the 1394 bus 13 via the 1394 serial bus I/F circuit 5, 

ROM (CR2). This second configuration ROM stores node under the first subsidiary communication protocol stored in 

information for a second protocol which is used for the 65 me nrst configuration ROM (CR1) 8. 

transmission via the 1394 bus 13 of the still image signal In this case, the compressed moving image signal sigl 

sig2 and its associated command/status information, the still obtained by the video processing unit 2 is the data in 
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conformity with the SD format of the DVC format, i.e., the The still image protocol is structured to perform only data 

variable length coded data after discrete cosine transformed, write from the transaction layer, without ha ving FCP as in 

and is a signal having the format corresponding to the video the case of the AV/C protocol. " 

track with sub-code data and AUX data. Such a moving description will be given for the operation after the 

image signal sigl is transmitted via the switch circuit 4 and 5 e i ectron j c equipment of this embodiment is switched from 

1394 I/F circuit 5 in the isochronous communication mode. ^ dighal moving ^ ^era/recorder to the digital still 

At the same time, in the asynchronous communication cam era/recorder by activating the video/camera 

mode, command and status information for the control of the sw itch 12 

digital moving image camera/recorder is transmitted. A ' 4 . _ . . - ... 

. reception cornrnand is stored in Ihe C & S register 10. In .„ Up™ detection » ac,ivah0 ? 1 o£ , me "^/camera 

# accordance with the stored reception commandTthe control 10 s ™' ch 12 the controller 6 temporarily stops the bus control 

\ unit 11 controls the video processing unit 2 by using the ° f W " rcu « 5 »>«*« t0 ***** ,he "ftting of 

\ control signal 16 me 1394 ^ bus 13 and the reconfiguration of the bus 

U— In this state/the digital still image camera/recorder management configuration. 

(second unit) is transparent from the 1394 serial bus 13. In 1S ™» s^l umge camerVrecorder (second unit) is 

this case, for example, the 1394 serial bus I/F circuit 5 can reconfigured and the C & S register 10 is set for iise wim the 

be used as a dubbing terminal of communication to another dl 8 1,al stfl image camera/recorder. Next, in order to change 

digital moving image camera/recorder. A subsidiary com- me information of the 1394 serial bus I/F circuit 5 from 

munication protocol used in this case is an IEEE 1394 AV/C configuration ROM 8 to thesecond configuration 

protocol ROM 9, the address setting of the I/F control and address 

i . . -.i. .u u -e . „ .u. _i„. 20 conversion circuit 7 is changed. Namely, since the conflgu- 

In contrast with the above, if a user uses the electronic . „„. , „ , „ . * . ... . Tl 

. c .u- . i • . .- -. , ..„ • _ ration ROMs 8 and 9 are located at different addresses in the 

equipment of this embodiment as the digital still image , .. ..• ■ 

_ •, ■ , „„. r _„„ ° ■„ „ „ j.-„;I!i above-descnbed address space, the address setting is 

camera/recorder, it is may be used, for example, as a digital , . „ , ... / c „ e 

. „ • • , • _ . c .j changed to select the second configuration ROM 9. 

still image pickup equipment for an unrepresented personal B _ b , 

computer. In this case, a protocol for the communication 25 Hereafter, in order to reconfigure the management con- 

with this personal computer is a still image subsidiary figuration of the 1394 serial bus 13 under the reset state, the 

communication protocol different from the AV/C protocol. bus interconnection of the 1394 serial bus I/F circuit 5 is 

The outlines of an AV/C protocol and a digital still image ne ^ L In manner, me electronic equipment of tins 

protocol will be described. FIG. lOAshows The structure of embodiment js newly defined as the duptal still image 

an isochronous packet used by the AV/C protocol, and FIG. 30 camera/recorder havmg the still image subsidiary commu- 

10B shows the Structure of an isochronous packet used by nica ,on PP* 0 * 1D «f? d, ~? ™* the new bus manage- 

the dieital still imace protocol m configuration and the node information in the second 

^ a, r,r> 1 • ii 1 ■ * j • configuration ROM 9. This new definition is detected by the 

The AV/C pro ocol is a well known subsidiary oommu- ^ ^ ^ ^ bw ma en , of the tem 

nication protocol and defines a real time data transfer shown m nG and ^ 5 me tem . 

protocol using 1394 isochronous data transfer and an iso- 35 _ . ' . t . . 4 ' . ' 

chronous data flow control. For the real time transfer, the In operauon of the electromc equipment of this embodi- 

AV/CprotocoldefinesaCIP(CommonIsochronousPacket). m " t . as ,he "W camera/recorder, a partaer 

As shown in FIG. 10A, a CIP and real time (AV) data are ?«* » S eneraU y an . d ».P««^ computer (PC). 

. stored in the data field of the isochronous packet In f ueh 8 ca f e - an miage sujnal picked up with the .mage 

\ ™_ . . - | o ,i 11 t is** . i* „n pickup unit 1 is converted by the camera processing unit 3 

« ^ t a « S ° llrCe P u • the AV7C protocol b ^ ma the ' fonl)at by p K c . This 

fixed length s^cJae^<^ujr^entrTte^ ^ ^ ^ lkd a& a b3sebind ^ ri j ^ t0 p C 

K drvided mu^w^^or^igh^^ which are ^ ^ e ^ 4 1394 ^ ^ I/p circuk 5 and 

sequenUaUy transmitted as a plujalltrrjfhsc^onous pack- 1394 bus ^ ^ ^ ^ above . described stm ^ 

ets. The reception side uses a time stamp field mCIP for subsidi communication protoco i ^ ^ 

recovering real time data of the original packet from the 45 ' . r . . 

j • • « j ■ * , , At the same time, PC sends a command which is stored 

divided isochronous packets. . , _ - „ . ' _ , . ....... i 

. , . , . m the C & S register 10 to set the equipment as the digital 

While the equipment is under operation an empty packet ^ came^ecorder. During this time, the digiul 

only with a packet header and a CIP header is transmitted m ^ camera/recorder (fat unit) is transparent 

CVe ^ S^ 1511 a at ° ^ • n , 50 from the 1394 serial bus 13. 

The AV/C protocol prepares a FCP (Function Contro pro. u ^ a flow char, iUustrating the switching operation 

^° ^ m ^r 1 " 8 °° ?l 1394 - 56081 between the digital video (moving image) equipment and the 

buses. This FCP packet frame is transmitted by using an ^ ^ ? men B t 0 f the embodiment 

asynchronous packet for the control of transmission/ ^ ^ 6 has Mftware of 

reception of the control command. to flow chart and me subsidiary communicauon protocols 

As shown m FIG. 10B, the !Sochronous packet structure used fof me communication by the first and second units. 

ofthestiMffagepr^ Referring to FIG. 11, at Step SI the controller 6 checks 

*M wuhou ta PP and the hk ejnjme oata neTd> m the c ase of ^ ^ ^ fa ^ device mod . whemer 

5^ protocol. Thts^tarleld stores data m the color video/camera switch 12 is activated. If a mode change is 

s^nal format d^inated by the following modes. 6o ue flow adyances to &ep S2 ^ rese f ting 

Mode 0: YU V (4:4:4) format operation of the 1394 serial bus 13 starts and the bus control 

Mode 1, Mode 3: YUV (4:2:2) format by me 1394 xrM bus jyp circuil s ^ temporarily stopped. 

Mode 2: YUV (4:1:1) format At Step S3 it is checked whether the digital equipment of 

Mode 4: RGB format mis embodiment has been changed to the digital moving 

Mode S : Y (Mono) format 65 image camera/recorder (first unit) or to the digital still image 

Eight-bit pixel data is stored for each of Y, U, V, R, G and camera/recorder (second unit) by the video/camera switch 

B of the above format. 12. 
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If changed to the digital video (moving image camera/ 
recorder), the flow advances to Step S4 to perform the unit 
control corresponding to the system configuration of the 
digital video, at Step S5 the C & S register 10 is set for use 
with the digital video, and at Step S6 the address setting of 5 
the I/F control and address conversion circuit 7 is changed 
in order to set the node information of the 1394 serial bus I/F 
circuit 5 to have the information stored in the first configu- 
ration ROM 8. 

If it is judged at Step S3 that the equipment has been 10 
changed to the digital camera (still image camera/recorder), 
the flow advances to Step S7 to perform the unit control 
corresponding to the system configuration of the digital 
camera, at Step S8 the C & S register .LO is set for use with 
the digital camera, and at Step S9 the address setting of the 
I/F control and address conversion circuit 7 is changed in 15 
order to set the node information of the 1394 serial bus I/F 
circuit 5 to have the information stored in the second 
configuration ROM 9. 

After the processes at Steps S4 to S6 or Steps S7 to S9 t 
the reset state of the 1394 serial bus 13 started at Step S2 is 20 
released to recover the bus connection of the 1394 serial bus 
I/F circuit 5. At Step Sll the root node executes a new bus 
management process after the system change and recognizes 
the equipment of this embodiment either as the moving 
image camera/recorder having the AV/C protocol or as the 25 
still image camera/recorder having the still image subsidiary 
communication protocol, in accordance with the contents of 
the configuration ROM 8 or 9. 

As described so far in detail, according to the 
embodiment, different subsidiary communication protocols 30 
are selectively used to perform data communication via the 
1394 serial bus I/F circuit 5. In this case, the equipment 
(having the structure such as shown in FIG. 5) having a 
plurality of units unable to operate at the same time is not 
required to have the C & S register independently for each 35 
unit. Even if the node information is required to be changed 
upon connection of a new equipment, the management 
configuration of the 1394 serial bus 13 can be reconfigured 
automatically. 

As described above, the electronic equipment of this 
embodiment has configuration ROMs which store informa- 
tion on a plurality of functional units and a plurality of 
subsidiary communication protocols, and the system can 
selectively use one of a plurality of subsidiary communica- 
tion protocols and one of a plurality of functional units. 

Many widely different embodiments of the present inven- 
tion may be constructed without departing from the spirit 
and scope of the present invention. It should be understood 
that the present invention is not limited to the specific 5Q 
embodiments described in the specification, except as 
defined in the appended claims. 

What is claimed is: 

1. An electronic equipment connected to a serial bus 
interface interconnecting a plurality of electronic 
equipments, comprising: 

a plurality of different functions; 
storage means for storing a plurality of pieces of infor- 
mation representative of the plurality of functions; 
switching means for selectively executing the plurality of 60 
functions; 

selecting means for selecting one piece of the plurality of 
pieces of function information stored in said storage 
means; and 

interface control means capable of outputting to the serial 65 
bus interface one piece of the plurality of pieces of 
function information selected by said selecting means, 



40 



45 



55 



wherein said selecting means selects one piece of function 
information in response to a resetting of a management 
condition of a serial bus used with the serial bus 
interface. 

2. An electronic equipment according to claim 1, wherein 
the plurality of pieces of function information are assigned 
different addresses, and said selecting means selects one of 
the different addresses. 

3. An electronic equipment according to claim 1, wherein 
said storage means further stores a plurality of pieces of 
protocol information representative of a plurality of subsid- 
iary communication protocols corresponding to the plurality 
of different functions, and said interface control means can 
selectively execute the plurality of subsidiary communica- 
tion protocols in addition to a fundamental communication 
protocol specific to the serial bus interface. 

4. An electronic equipment according to claim 3, wherein 
said selecting means further selects one piece of the plurality 
of pieces of protocol information, and said interface control 
means can output the protocol information selected by said 
selecting means to the serial bus interface. 

5. An electronic equipment according to claim 1, wherein 
the serial bus used with the serial bus interface is in 
conformity with IEEE 1394 standards. 

6. An electronic equipment connected to a serial bus 
interface interconnecting a plurality of electronic 
equipments, comprising: 

interface controlling means capable of executing a plu- 
rality of subsidiary communication protocols in addi- 
tion to a fundamental communication protocol; 

storage means for storing a plurality of pieces of protocol 
information representative of the plurality of subs-diary 
communication protocols; 

switching means for selectively executing the plurality of 
subsidiary communication protocols; and 

selecting means for selecting one piece of the plurality of 
pieces of protocol information stored in said storage 
means, 

wherein said selecting means selects one piece of protocol 
information in response to a resetting of a management 
condition of a serial bus used with the serial bus 
interface, and said interface controlling means can 
output to the serial bus interface one piece of the 
plurality of pieces of protocol information selected by 
said selecting means. 

7. An electronic equipment according to claim 6, wherein 
the plurality of pieces of protocol information are assigned 
different addresses, and said selecting means selects on e of 
the different addresses. 

8. An electronic equipment according to claim 7, wherein 
the serial bus used with the serial bus interface is in 
conformity with IEEE 1394 standards. 

9. A device for controlling a serial bus interface intercon- 
necting a plurality of nodes, comprising: 

storage means for storing a plurality of pieces of infor- 
mation representative of a plurality of functions pro- 
vided by one of the plurality of nodes; 

selecting means for selecting one piece of the plurality of 
pieces of function information stored in said storage 
means; and 

control means capable of outputting to the serial bus 
interface one piece of the plurality of pieces of function 
information selected by said selecting means, 

wherein said selecting means selects one piece of function 
information in response to a resetting of a management 
condition of a serial bus used with the serial bus 
interface. 
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10. A device according to claim 9 f wherein the plurality of 
pieces of function information are assigned different 
addresses, and said selecting means selects one of the 
different addresses. 

11. A device according to claim 9, wherein said storage 
means further stores a plurality of pieces of protocol infor- 
mation representative of a plurality of subsidiary commu- 
nication protocols corresponding to the plurality of different 
functions, and said control means can selectively execute the 
plurality of subsidiary communication protocols in addition 
to a fundamental communication protocol specific to the 
serial bus interface. 

12. A device according to claim 11, wherein said selecting 
means further selects one piece of the plurality of pieces of 
protocol information, and said control means can output the 
protocol information selected by said selecting means to the 
serial bus interface. 

13. A device according to claim 9, wherein the serial bus 
used with the serial bus interface is in conformity with IEEE 
1394 standards. 

14. A device for controlling a serial bus interface inter- 
connecting a plurality of nodes, comprising: 

controlling means capable of executing a plurality of 

subsidiary communication protocols in addition to a 

fundamental communication protocol; 
storage means for storing a plurality of pieces of protocol 

information representative of the plurality of subsidiary 

communication protocols; 
switching means for selectively executing the plurality of 

subsidiary communication protocols; and 
selecting means for selecting one piece of the plurality of 

pieces of protocol information stored in said storage 

means, 

wherein said selecting means selects one piece of protocol 
information in response to a resetting of a management 
condition of a serial bus used with the serial bus 
interface, and said controlling means can output to the 
serial bus interface one piece of the plurality of pieces 
of protocol information selected by said selecting 
means. 

15. A device according to claim 14, wherein the plurality 
of pieces of protocol information are assigned different 
addresses, and said selecting means selects one of the 
different addresses. 

16. A device according of claim 14, wherein the serial bus 
used with the serial bus interface is in conformity with IEEE 
1394 standards. 

17. An electronic equipment connected to a serial bus 
interface interconnecting a plurality of electronic 
equipments, comprising: 

interface controlling means capable of executing a plu- 
rality of subsidiary communication protocols in addi- 
tion to a fundamental communication protocol; 

switching means for selectively executing the plurality of 
subsidiary communication protocols; and 

selecting means for reading from another electronic 
equipment one piece of a plurality of pieces of protocol 
information representative of the plurality of subsidiary 
communication protocols, 

wherein said selecting means selectively reads one piece 
of protocol information in response to a resetting of a 
management condition of a serial bus used with the 
serial bus interface. 

18. An electronic equipment according to claim 17, 
wherein the plurality of pieces of protocol information are 
assigned different addresses, and said selecting means 
selects one of the different addresses. 
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19. An electronic equipment according to claim 17, 
wherein the serial bus used with the serial bus interface is in 
conformity with IEEE 1394 standards. 

20. A device for controlling a serial bus interface inter- 
connecting a plurality of nodes, comprising: 

controlling means capable of executing a plurality of 
subsidiary communication protocols in addition to a 
fundamental communication protocol; 

switching means for selectively executing the plurality of 
subs-diary communication protocols; and 

selecting means for selectively reading from one of the 
plurality of nodes one piece of a plurality of pieces of 
protocol information representative of the plurality of 
subsidiary communication protocols, 

wherein said selecting means selectively reads one piece 
of protocol information in response to a resetting of a 
management condition of a serial bus used with the 
serial bus interface. 

21. A device according to claim 20, wherein the plurality 
of pieces of protocol information are assigned different 
addresses, and said selecting means selects one of the 
different addresses. 

22. A device according to claim 20, wherein the serial bus 
used with the serial bus interface is in conformity with IEEE 
1394 standards. 

23. A communication system with a plurality of equip- 
ments interconnected by a serial bus interface, comprising a 
plurality of electronic equipments, wherein one of the plu- 
rality of electronic equipments comprises: 

storage means for storing a plurality of different functions 
and a plurality of pieces of information representative 
of the plurality of functions; 

switching means for selectively executing the plurality of 
functions; 

selecting means for selecting one piece of the plurality of 
pieces of function information stored in said storage 
means; and 

interface control means capable of outputting to the serial 
bus interface one piece of the plurality of pieces of 
function information selected by said selecting means, 

wherein another of the plurality of electronic equipments 
can operate in accordance with the function informa- 
tion selected by said selecting means, and 

wherein said selecting means selects one piece of function 
information in response to a resetting of a management 
condition of a serial bus used with the serial bus 
interface. 

24. A communication system with a plurality of equip- 
ments interconnected by a serial bus interface, comprising a 
plurality of electronic equipments, wherein at least one of 
the plurality of electronic equipments comprises: 

interface controlling means capable of executing a plu- 
rality of subsidiary communication protocols in addi- 
tion to a fundamental communication protocol; 

storage means for storing a plurality of pieces of protocol 
information representative of the plurality of subsidiary 
communication protocols; 

switching means for selectively executing the plurality of 
subsidiary communication protocols; and 

selecting means for selecting one piece of the plurality of 
pieces of protocol information stored in said storage 
means, wherein said selecting means selects one piece 
of protocol information in response to a resetting of a 
management condition of a serial bus used with the 
serial bus interface, and said interface controlling 



08/05/2004, EAST version: 1.4.1 



5,991,842 



15 



16 



means can output to the serial bus interface one piece 
of the plurality of pieces of protocol information 
selected by said selecting means, 

and wherein another of the plurality of electronic equip- 
ments can operate in accordance with the protocol 
information selected by said selecting means. 

25. An electronic equipment connected to a serial bus 
interface interconnecting a plurality of electronic 
equipments, comprising: 

a plurality of different functions; 

storage means for storing a plurality of pieces of infor- 
mation representative of the plurality of functions; 

switching means for selectively executing the plurality of 
functions; 

selecting means for selecting one piece of the plurality of 
pieces of function information stored in said storage 
means; and 

interface control means capable of outputting to the serial 
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storage means for storing a plurality of pieces of protocol 

information representative of the plurality of subsidiary 

communication protocols; 
switching means for selectively executing the plurality of 

subsidiary communication protocols; and 
selecting means for selecting one piece of the plurality of 

pieces of protocol information stored in said storage 

means, 

wherein a management condition of a serial bus is reset in 
response to an operation of said switching means, and 
said interface control means can output to the serial bus 
interface one piece of the plurality of pieces of protocol 
information selected by said selecting means. 

31. An electronic equipment according to claim 30, 
wherein the plurality of pieces of protocol information are 
assigned different addresses, and said selecting means s 
elects one of the different addresses. 

32. An electronic equipment according to claim 30, 
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bus interface one piece of the plurality of pieces of 20 wherem the bus is used ^ the bus mterface , 

and is in conformity with IEEE 1394 standards. 

33. A device for controlling a serial bus interface inter- 
connecting a plurality of nodes, comprising: 

control means capable of executing a plurality of subsid- 
iary communication protocols in addition to a funda- 
mental communication protocol; 
storage means for storing a plurality of pieces of protocol 
information representative of the plurality of subsidiary 
communication protocols; 
switching means for selectively executing the plurality of 

subsidiary communication protocols; and 
selecting means for selecting one piece of the plurality of 
pieces of protocol information stored in said storage 
means, 

wherein a management condition of a serial bus is reset in 
response to an operation of said switching means, and 
said control means can output to the serial bus interface 
one piece of the plurality of pieces of protocol infor- 
mation selected by said selecting means. 

34. A device according to claim 33, wherein the plurality 
of pieces of protocol information are assigned different 
addresses, and said selecting means selects one of the 
different addresses. 

35. A device according to claim 33, wherein the serial bus 
is used with the serial bus interface, and is in conformity 
with IEEE 1394 standards. 



function information selected by said selecting means, 
wherein a management condition of a serial bus is reset in 
response to an operation of said switching means. 

26. An electronic equipment according to claim 25, 
wherein the plurality of pieces of function information are 
assigned different addresses, and said selecting means 
selects one of the different addresses. 

27. An electronic equipment according to claim 25, 
wherein said storage means further stores a plurality of 
pieces of protocol information representative of a plurality 
of subsidiary communication protocols corresponding to the 
plurality of different functions, and said interface control 
means can selectively execute the plurality of subsidiary 
communication protocols in addition to a fundamental com- 
munication protocol specific to the serial bus interface. 

28. An electronic equipment according to claim 27, 
wherein said selecting means further selects one piece of the 
plurality of pieces of protocol information, and said interface 
control means can output the protocol information selected 
by said selecting means to the serial bus interface. 

29. An electronic equipment according to claim 25, 
wherein the serial bus is used with the serial bus interface, 
and is in conformity with IEEE 1394 standards. 

30. An electronic equipment connected to a serial bus 
interface interconnecting a plurality of electronic 
equipments, comprising: 

interface control means capable of executing a plurality of 
subsidiary communication protocols in addition to a 
fundamental communication protocol; 
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